Abstract-Aristolochia subgenus Siphisia comprises about 70 species, with a disjunct East-and South Asian to North-and Central American distribution. Here we describe and illustrate three new species of Aristolochia subgenus Siphisia from Vietnam: Aristolochia faviogonzalezii, A. tonkinensis, and A. tadungensis. The first two species are found in northern Vietnam while the latter occurs in southern Vietnam. Diagnostic characters distinguish the new species from their morphologically close relatives. Their distribution, ecology, phenology, ethnobotany, and conservation status are presented as well. In addition, three species are newly reported for the flora of Vietnam that were until now restricted to China, namely A. fangchi, A. hainanensis, and A. utriformis. An identification key to all Asian species of Aristolochia subgenus Siphisia is provided.
1. Perianth strongly curved; utricle and tube not sharply delimited; tube U-or horseshoe shaped; inner surface of tube glabrous; gynostemium 3-lobed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . subgenus Siphisia 1. Perianth slightly curved; utricle and tube clearly and sharply delimited; tube often rectilinear or slightly curved (U or horseshoe-shaped in some species); inner surface of tube with conical trichomes; gynostemium 5, 6, of the perianth at least 3-lobed, the lobes spreading, with a free apex, rarely connate; fruit a berry, sometimes with a leathery pericarp, hexamerous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . subgenus Pararistolochia 2. Limb of the perianth 1-or 2-lobed, the lobe(s) strongly monosymmetric; fruit a 5 or 6-merous capsule . . . . . . . . . . . . . . . 
subgenus Aristolochia
Hereafter we shorten Aristolochia subgenus Siphisia to Siphisia; that we incorrectly referred to as subgenus Isotrema in previous studies Wagner et al. 2012; González et al. 2014) . Siphisia is widely distributed in Northeast Asia (Merrill and Chun 1935; Gao 1964; Liang 1975; Chow and Hwang 1975; Hwang 1981 Hwang , 1988 Ma 1989a, b; Wen 1992; Hwang et al. 2003; Watanabe et al. 2006; Liu and Deng 2009; Xu et al. 2011; Huang et al. 2013; Wu et al. 2013 ), Southeast Asia (Klotzsch 1859; Lecomte 1909 Lecomte , 1910 Hou 1984; Phuphathanaphong 1985 Phuphathanaphong , 1987 Ma 1989b; Hansen and Phuphathanaphong 1999; Pham 2000; Nguyen 2003; Yao 2012; Do et al. 2014) , and in Southwest Asia (Wallich 1831; Ma 1989b; Samanta et al. 1999; Hwang et al. 2003 ; Upson and Brett 2006; Baruah et al. 2012 ), but is absent from Northwest Asia (north of the Himalayas). Ma (1989b) revised the systematics, geographic distribution, cytotaxonomy, and taxonomy of Aristolochia from eastern and southern Asia. He recognized a total of 68 species and one variety, including the 41 species of subgenus Siphisia that occur in Japan, Korea, China, Vietnam, Thailand, Myanmar, India, Bhutan, Nepal, and Pakistan. He also estimated that 83% (34 out of 41 species) of the Siphisia species occur in China, followed by India and Myanmar (each with 14%; six out of 41 species), and Nepal 12% (five out of 41 species). Later, Hwang et al. (2003) reduced the total number of Siphisia species in China to 28, because some species were synonymized. Recently, newly discovered Siphisia species from China (Liu and Deng 2009; Xu et al. 2011; Huang et al. 2013; Wu et al. 2013 ), Vietnam (Do et al. 2014) , and Malaysia (Yao 2012) , as well as the splitting of the Aristolochia kaempferi Willd. complex into three distinct species (Watanabe et al. 2006 ) increased the number of Asian species of Siphisia to 47. Franchet (1898) originally described eight Aristolochia species from Indochina, with only one occurring in Vietnam (A. balansae Franch.) . Later, Lecomte (1909 Lecomte ( , 1910 , reported eight Aristolochia species from Vietnam, Laos, and Cambodia including five new species, but none from Siphisia. Since then, the species from these regions have not been revised although the number significantly increased with further exploration of the country by local botanists, such as Pham (2000) , who reported eleven Aristolochia species, and Nguyen (2003) , who enumerated the same species as Pham (2000) , but listed two additional Siphisia species (A. kwangsiensis W. Y. Chun & F. C. How ex C. F. Liang and A. saccata Wall.) . Do et al. (2014) recently described a new Siphisia species (A. quangbinhensis Do) from Vietnam. These novelties raised the number of Siphisia species occurring in Vietnam to six. There are numerous unidentified Aristolochia specimens collected from Vietnam and southern China still deposited in herbaria worldwide, but they are difficult to assign to known species or to describe because of the lack of reproductive parts, especially the flower. Furthermore, specimens in Vietnam are mostly collected by local ethnobotanists, who only focus on the use of the species, but overlook the need of complete vouchers for proper identification.
During floristic work on limestone vegetation of northern Vietnam and evergreen broad-leaf forests in the highlands of southern Vietnam, we collected several unusual specimens belonging to Siphisia but are not matching known species. Thus, we describe here three new species of Siphisia from Vietnam: Aristolochia faviogonzalezii, A. tonkinensis, and A. tadungensis. The first two species are found in northern Vietnam while the latter occurs in southern Vietnam. In (Huong et al. 2014 , Do et al. 2015 that are not included in this manuscript.
Materials and Methods
Survey of Herbarium Specimens -During the preparation of a taxonomic revision of Aristolochia for Vietnam, approximately 200 specimens were examined from the herbaria CPNP, DR, HITBC, HN, HNU, IBK, IBSC, K, KUN, L, MO, NIMM, P, SGN, SING, VNM, and VNMN.
Field Collections and Species Description -Observation of living plants allowed comparison of morphological characters and coloration of the perianth (utricle, tube, and limb) as well as morphology of the inside of the trap flowers including the gynostemium, which are often impossible to observe in dried specimens (characters are reported for field material). Types are exclusively based on material from the field (not from cultivation). In addition, we characterized the vegetation types for each location. The description of new species follows the terminology used by Pfeifer (1966) , Harris and Harris (2001) , and Hwang et al. (2003) (see Fig. 1 for details about measurements). Conservation status for the new species is presented based on field observation, applying the IUCN red list category criteria of threatened species (IUCN 2013 6-8(-10) , each cyme with three or four flowers, clearly separated from each other. Inflorescence axis 5-9 cm long (see Figs. 2E , 3G for details), pubescent. Bracteole clasping the axis, triangular, 2.5-3 mm long, 2-2.5 mm wide, sessile, both surfaces densely brown pubescent. Pedicel 1.2-1.4(-1.6 ) cm long, pendulous, densely brown villous. Ovary oblong, 1.1-1.3 cm long, 0.4-0.5 cm in diam, densely brown villous. Perianth horseshoe-shaped (in lateral view), 3.5-5 cm high, yellowishwhite, outside densely brown hirsute with parallel dark purple veins or dots, inside glabrous. Utricle distinct from the tube, bell-shaped, 1.1-1.2 cm high, 0.6-0.7 cm in diam at base, 1-1.1(-1.3) cm in diam at apex, inside with a dark purple band and densely distributed trichomes. Tube horseshoeshaped, 5.2-5.5 cm, folded upwards at its middle, lower tube strongly inflated, 1.6-1.8 cm in diam, and upper tube obliquely shortened funnel-shaped, without visible veins and dots, parallel to the utricle, gradually constricted at its base, uniformly dark purple, 1.4-1.5 cm high, narrower at base, 0.6-0.7 cm in diam and broader at apex, 1.5-1.6(-1.8) 
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Van Lam village, Bui valley (Fig. 4) . This species occurs on limestone covered with humus, in open broad-leaf forest and thickets with the following dominant species: Annonaceae (Desmos chinensis Lour., Fissistigma), Begoniaceae (Begonia), Cucurbitaceae (Gynostemma pentaphyllum (Thunb.) Makino), Asparagaceae (Dracaena cambodiana Pierre ex Gagnepain), Euphorbiaceae (Mallotus), Malvaceae (Byttneria, Sterculia lanceolata Cavanilles), Moraceae (Broussonetia), Pandaceae (Microdesmis), Rubiaceae (Ophiorrizha, Psychotria), Rosaceae (Rubus), Urticaceae (Dendrocnide, Elatostema, Laportea), at 120-250 m.
Phenology -Aristolochia faviogonzalezii has been observed to flower from August to January while fruits are set from the beginning of December.
Ethnobotany -The whole plant is used for treatment of arthritis and rheumatism.
Etymology -The specific epithet honors Dr. Favio González who contributed extensively to the knowledge of Aristolochiaceae ranging from systematics and morphology to evolutionary biology during the last decades.
Conservation Status -The new species is known from a few populations within the limestone range lying on both Ha Nam and Ninh Binh provinces, northern Vietnam. However, the area has been severely damaged due to exploitation by cement factories. In addition, both populations are outside of protected areas and local people continue to impose strong pressure on the remaining forest patches for medicinal plants, firewood, and converting the vegetation into corn fields. Thus, according to the criteria established by the IUCN (2013), the new species should be considered as endangered (EN) due to the restricted occurrence, small population size, and the possible decline in the quality of habitat.
Morphological affinities -Aristolochia faviogonzalezii is morphologically similar to A. cathcartii and A. saccata, occurring in the eastern Himalayas and southern China. However, A. faviogonzalezii can be clearly distinguished from A. cathcartii by the leaf blade broadly-ovate to cordate with acuminate or caudate apex (vs. narrowly ovate to lanceolate-ovate with acute to shortly acuminate apex), inflorescence axis 5-9 cm long (vs. 2-4 cm long), perianth 3.5-5 cm high, with parallel dark purple veins or dots (vs. 3.0-3.5 cm, with purple reticulate veins), upper tube uniformly dark purple without visible veins and dots (vs. yellowish-white with purple veins and dots), inner surface of limb lobes densely covered with dark purple warts (vs. dark purple warts and bristle-like papillae), upper half of throat white with dark purple dots, and lower half pinklish without visible dots (vs. uniformly yellow, densely covered with purple dots). Aristolochia faviogonzalezii also differs from A. saccata by the shape of the leaf blade (broadly-ovate to cordate vs. ovate-oblong to lanceolate), perianth (6.5-7 cm, yellowish-white with parallel dark purple veins and dots vs. 4-4.5 cm, white with purple reticulate veins), throat (upper half white with dark purple dots, and lower half pinkish vs. uniformly yellow) ( Table 1) . Aristolochia tadungensis is morphologically similar to A. hainanensis and A. coadunata but it differs from them by the following characters: leaf blade coriaceous, abaxial surface densely woolly, hairs subadpressed; cymes solitary on old woody stems, axis 4-10 cm long; perianth yellowish-white; upper tube obliquely oblong funnel-shaped with purple veins, (1.8-)2-2.3(-2.4) cm high; limb nearly rectangular, 1.3-1.5(-1.6 ) cm high, 1.1-1.2 cm wide; throat yellow densely covered with orange dots.
Additional Specimens Examined
Perennial woody liana, 15-20 m high with many fasciculate and cylindrical roots. Stem slightly flattened, young branches slender, glabrescent, with a shallowly corky furrowed bark when mature, internodes 18-20 cm long. Petiole (6-)8-10 cm long, twisted, glabrescent. Leaf blade ovate to lanceolate-ovate, (22-)25-27 cm long, 8-10(-12) cm wide, coriaceous, base round to truncate, margin entire, apex acute or shortly acuminate, the adaxial surface dark green and glabrous, the abaxial surface densely subadpressed-woolly, basal veins three, palmate, one pair reaching half the leaf length, secondary veins four to five pairs, pinnate, middle vein and veinlets distinct, parallel or loosely reticulate, prominent abaxially, flattened adaxially. Inflorescence cymose on old woody stems, cymes solitary, each with three or four flowers, clearly separated from each other. Inflorescence axis 4-10 cm long, slightly curved, densely brown Vernacular Name -Common names in Vietnamese for this species are "Mô . c hýõng Tà Ðùng" and "Phòng kỷ Tà Ðùng".
Distribution and Ecology -Known only from the corezone of Ta Dung Nature Reserve in Dac Nong province, southern Vietnam (Fig. 4) . The species grows on humid soil covering granite rocks in submontane evergreen tropical forest. Dominant plants are Asteraceae, Fagaceae (Castanopsis, Lithocarpus), Lamiaceae, Lauraceae (Litsea, Machilus), Myristicaceae (Knema, Pentaphylacaceae (Eurya), Rubiaceae (Hedyotis, Psychotria), Theaceae (Camellia). A tall dipterocarp tree (cf. Dipterocarpus) is also recorded.
Phenology -Aristolochia tadungensis has been observed to flower from the middle of the dry season in southern Vietnam through December to January, but mature fruits were also recorded at the same time. Therefore, we believe that flowering may start earlier at the end of the rainy season to the beginning of the dry season through October to November.
Etymology -The specific epithet refers to the only known locality in the Dac Nong province, Ta Dung Nature Reserve.
Conservation Status -The new species is known from a single population within the core-zone of Ta Dung Nature Reserve, a large evergreen forest area. Since the locality has been severely damaged and reduced by deforestation and over-exploitation, the new species should be regarded as threatened with extinction. Following the IUCN red list criteria, a preliminary status of vulnerable (VU D2) is proposed for A. tadungensis, because of a restricted area of occupancy (typically less than 20 km 2 ), the number of locations (typically five or fewer) such that it is prone to the effects of human activities within a short time period in an uncertain future. Morphological Affinities -Aristolochia tadungensis is morphologically similar to A. hainanensis, which occurs in southern China and northern Vietnam. But it is distinguishable from the latter as follows: the leaf blade coriaceous (vs. subcoriaceous), abaxial surface densely woolly (vs. villous), inflorescence axis up to 10 cm long (vs. up to 6 cm long), perianth yellowish-white, sparsely hairy with parallel purple veins (vs. yellowish, densely hairy with obscure veins), upper tube obliquely oblong funnel-shaped (1.8-)2-2.3(-2.4) cm high (vs. broadly shortened funnel-shaped, 1.1-1.3 cm high) , limb nearly rectangular, 1.3-1.5(-1.6 ) cm high, 1.1-1.2 cm wide (vs. nearly circular, 2.2-2.5 cm wide), throat yellow, densely covered with orange dots (vs. yellow without visible dots). The new species is also similar to A. coadunata Backer, which is restricted to Sumatra and Java, Indonesia. However it is clearly distinguished from the latter by a round to truncate leaf base (vs. cordate), cymes on old woody stems, and inflorescence axis up to 10 cm long (vs. flowering in young branches and up to 2 cm long), perianth yellowish-white with parallel purple veins (vs. dark purple without visible veins), throat yellow, densely covered with orange dots (vs. without visible dots) ( Aristolochia tonkinensis is morphologically similar to A. hainanensis and A. saccata but it is distinguishable from them by the following characters: leaf blade ovate to broadlyovate, leaf base round to truncate; cymes solitary on old woody stems and young branches; lower tube slightly inflated, upper tube narrowly oblong funnel-shaped, 1.5-1.8 cm high; limb nearly rectangular, 1.2-1.3 cm high, 0.9-1 cm wide; throat white without visible dots.
Perennial, woody liana, 6-8(-10) m high with many fasciculate and cylindrical roots. Stem terete, the young branches densely grey pubescent, becoming glabrescent, with a deeply irregularly longitudinally fissured bark when mature, internodes 15-20 cm long. Petiole 6-10 cm long, twisted, densely villous, becoming glabrescent. Leaf blade ovate to broadlyovate, rarely deltoid, subcoriaceous, 20-25(-30) cm long, 12-14(-20) cm wide, base round to truncate, margin entire, apex acute to shortly acuminate, the adaxial surface dark-green and glabrous, the abaxial surface densely villous, basal veins three, palmate, one pair reaching one-third of the leaf length, secondary veins five to six pairs, pinnate, venation loosely reticulate, veinlets parallel, prominent abaxially, slightly sunken adaxially. Inflorescence cymose on old woody stems and young branches, solitary, each cyme with three or four flowers, clearly separated from each other. Inflorescence axis 1.5-2.5 Distribution and Ecology -Aristolochia tonkinensis is widely distributed in northern Vietnam (Ninh Binh, Hoa Binh, and Ha Giang) (Fig. 4) . It was found in primary closed evergreen broad-leaved lowland forest, secondary forest on limestone or granite as well as foggy woodland forest, with the following species: Annonaceae (Fissistigma, Xylopia), Begoniaceae (Begonia), Clusiaceae (Garcinia), Fagaceae (Castanopsis, Lithocarpus), Lauraceae (Machilus, Neolistsea, Phoebe), Meliaceae (Aglaia, Toona), Moraceae (Streblus), Myristicaceae (Horsfieldia, Knema), Pentaphylacaceae (Eurya), Rubiaceae (Adina, Myrioneuron, Pavetta, Randia), Selaginellaceae (Selaginella), Theaceae (Camellia), Urticaceae (Elatostema, Laportea), at 450-1,100 m.
Phenology -Aristolochia tonkinensis has been observed to flower from August to October and fruit from October to December.
Etymology -The specific epithet refers to the former name of northern Vietnam where it occurs.
Conservation Status -Aristolochia tonkinensis has been found in the core-zone of Cuc Phuong National Park, one of the best National Parks in Vietnam as well as other wellprotected areas from northern Vietnam. Thus, this species is probably not at risk.
Morphological Affinities -Aristolochia tonkinensis was misidentified as A. saccata in recent publications of Cuc Phuong National Park (Soejarto et al. 2004; Le and Soejarto 2008; Nguyen et al. 2009 ). However, A. tonkinensis clearly differs from the latter by the following characters: its leaf blade is ovate to broadly-ovate (vs. ovate-oblong to lanceolate), with the leaf base round to truncate (vs. cordate), the cymes solitary on old woody stems and young branches (vs. clusters of several cymes, exclusively on old woody stems), limb nearly rectangular (vs. nearly circular), throat white (vs. yellow). Additionally, A. tonkinensis is morphologically similar to A. hainanensis, which occurs in southern China and northern Vietnam, but it can be distinguished from the latter by the cyme solitary (vs. clusters of several cymes), upper perianth tube narrowly oblong funnel-shaped, 1.5-1.8 cm high (vs. broadly shortened funnel-shaped, 1.1-1.3 cm high), limb nearly rectangular, 1.2-1.3 cm high, 0.9-1 cm wide (vs. nearly circular, 2.2-2.5 cm wide), throat white (vs. yellow) ( Table 3) . (Fig. 9 ).
Distribution and Ecology -Aristolochia fangchi was considered an endemic species to southern China (Guangdong Table 2 . Comparison of A. tadungensis and its morphological affinities. *Morphological characters following the protologue (Merrill 1922) , the description of Hwang et al. (2003) , and our own field observations from China and Vietnam. **Morphological characters following the protologue (Backer 1919 ) and the description of Hou (1984 
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and Guangxi) (Hwang et al. 2003) , but this study demonstrates that it also occurs in northern Vietnam (Ha Giang, Hoa Binh, and Quang Ninh) (Fig. 4) . This species mostly grows in lowland evergreen forests, bamboo and woody mixed forest, thickets, edges of secondary forests on limestone, at 700-900 m. Phenology -Aristolochia fangchi has been observed to flower from April to May and fruit from June to October.
Conservation Status -Only a few populations of this species were found in non-protected forest areas in northern Vietnam. Furthermore , there are few saplings growing from seeds, thus it might be at high risk of extinction in Vietnam. This species was assessed as critically endangered (CR) according to the IUCN (2013).
Notes -The Vietnamese populations of Aristolochia fangchi are identical in vegetative and reproductive characters to the populations found in China. From diagnostic features, A. fangchi is similar to A. petelotii Schmidt, which also occurs in northern Vietnam and southern China (Pham 2000; Nguyen 2003; Hwang et al. 2003) . Inflorescences of both species grow from the old woody stems (each 2-4-flowered), with a U-shaped purple perianth, and evident parallel veins. However, A. fangchi differs from the latter by the leaf shape (a round leaf base and an acute to obtuse leaf apex vs. a cordate leaf base and an acuminate leaf apex), the shape of the limb (subrotundate-peltate vs. bell-shaped), and the color of the annulus (white vs. dark purple). Aristolochia hainanensis Merr., Philipp. Journ. Sc. 21: 341. 1922 . Hocquartia hainanenis (Merr.) Migo, Journ. Shanghai. Sci. Inst. 14: 334. 1944 Distribution and Ecology -Aristolochia hainanensis was primarily reported from Hainan province, southern China. During recent investigations, we also found this species in northern Vietnam (Ha Giang, Dien Bien, Tuyen Quang, and Hai Phong) (Fig. 4) in closed lowland evergreen forests, valleys or thickets, as well as edges of secondary forests on limestone, dominated by representatives of Fagaceae, Lauraceae, and Sapindaceae, at 600-1,100 m.
Phenology -Aristolochia hainanensis has been observed to flower from December to March and fruit from April to July in Vietnam. Conservation Status -Aristolochia hainanensis has been found mostly in well-protected areas in northern Vietnam. The individuals grow and regenerate well. Additionally, many saplings are growing from seed. We propose to assign the species 'near threatened' (NT) although it is currently listed as vulnerable (VU B2ab) according to the IUCN (2013).
Notes -Vietnamese and Chinese populations of A. hainanensis are morphologically identical (Fig. 10) . This species is morphologically close to A. saccata. The latter species is widely distributed in Bhutan, India, Myanmar, Nepal, Vietnam, and China (Samanta et al. 1999; Pham 2000; Nguyen 2003; Hwang et al. 2003) . However, A. hainanensis differs from the latter by the villous abaxial leaf surface and cuneate to rounded leaf base as well as the acute leaf apex. In contrast, A. saccata is characterized by the silky adpressed villous abaxial leaf surface, deeply cordate leaf base and acuminate leaf apex. This species is most similar to A. tonkinensis, but it clearly differs from the latter by the characters of inflorescence and perianth (shape, size of upper tube, limb, and color of throat, Table 3 ). Aristolochia utriformis S. M. Hwang, Acta Phytotax. Sin, 19: 228, Fig. 7: 1-3. 1981.- (Merrill 1922) , the description of Hwang et al. (2003) , and our own field observations from China and Vietnam. **Morphological characters following the protologue (Wallich 1831) and our own field observations. 
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Distribution and Ecology -This species was considered to be endemic to Yunnan, China where borders the northwestern part of Vietnam, including Lao Cai province. Thus, it is not surprising that A. utriformis has been discovered and recorded for the flora of Vietnam (Fig. 4) . It grows along streams in montane bamboo forest, at 1,800-2,000 m.
Phenology -Aristolochia utriformis has been observed to flower in April and May in Vietnam which is the same flowering period as has been reported for the type locality. The fruiting period however remains unknown.
Conservation Status -Only two small populations of Aristolochia utriformis were found within the buffer zone of Hoang Lien National Park, but few saplings growing from seeds were observed. Furthermore, the local farmers continue to impose strong pressure on the remaining primary forest patches converting it mostly into Bengal cardamom plantation (Amomum aromaticum Roxb.). Thus, it might be at high risk of extinction in Vietnam. This species was primarily assessed as critically endangered (CR) according to the IUCN (2013).
Notes -The Vietnamese populations of Aristolochia utriformis slightly vary in shape, size of limb, and limb lobes (Fig. 11) . The species is morphologically close to A. ovatifolia Hwang. The latter is widely distributed in the provinces of Guizhou, Sichuan, and Yunnan (Hwang et al. 2003) . Flowers of both species are solitary on young branches with a saccate-shaped limb that is erectly 3-lobed. However, A. utriformis differs from the latter in its ovate-lanceolate leaf blade (vs. ovate), an adaxial leaf surface with scattered hairs (vs. both leaf surfaces densely villous) and a yellowish-green perianth (vs. purple-red).
Additionally Aristolochia utriformis is characterized by the presence of a distinct semicircle-like annulus in contrast to a ring-like annulus of other Siphisia species from the Old World. 27 
